We studied requested urgent Brain CT Scan procedures justification. In addition, we addressed referrer's (physician's) awareness of radiation risks. In doing so, we considered two aspects to the issue. First, we reviewed the records of the requested urgent CT scan procedures for a sample of 339 patients at Al-Maqassed Hospital, a major hospital in Palestine. Secondly, we surveyed a sample of forty-two referrer's from the same hospital to test their awareness of radiation risks. Our study shows that out of the 339 urgent brain CT requests, 69.6% were justified requests and 30.4% were unjustified. Statistically, these observations implied the following general statement: At least, 25% of the CT requests at this Hospital are unjustified with a p-value of 0.011. On the other hand, our survey on referrers shows that 42% of respondents knew the effective dose of a brain CT scan, 24% of respondents knew the radiation risks and 14% of respondents knew about radiation protection. Although the study is limited, yet it shows the need to reduce the number of brain CT examinations and the need to improve their justification. Consequently, the need for regular education and guideline implementation at least in this country is of paramount importance.
Introduction
Diagnostic imaging modalities are increasingly applied in health care to diagnose the various injuries and diseases (Merzenich et al., 2012) . In spite of the improvements of the medical imaging modalities in the quality of diagnosis and treatment in various medical conditions in both paediatric and adult patients, by using different medical imaging modalities that utilizes ionizing radiation including conventional radiology, fluoroscopy, and Computed Tomography (CT). Scientific studies proved that radiation has biological effects on the organism and it depends on the dose and exposure duration (Squillaro et al., 2018) .
The CT has relatively high radiation doses compared with the other ionizing radiation modalities. Thus, the protection against the hazard of radiation is an important issue (IAEA,2009; Remedios, 2011) . The principle of radiation protection related to the International Commission on Radiological Protection (ICRP) for ionizing radiation is justification, optimization of protection and application of dose limits (Agency, 2012) .
The justification process undergoes the base of risk versus benefit. This base is applied in various techniques, such as ionizing or non-ionizing radiation (Malone et al., 2012) . The justification involves using all of the medical team including referring physicians, radiographers, and radiologists (Malone et al., 2012) . All examinations in diagnostic radiology shall then be justified to avoid unnecessary irradiation of patients (Remedios, 2011) . The number of CT examinations is increasing every year (Brenner et al., 2007 , Broder et al., 2006 . Referring physicians at the emergency room (ER) who requested radiology examinations in a time-pressured environment need to know how di-agnostic imaging is indicated as well as the necessity to know the accurate knowledge of the associated risks (Keijzers and Britton, 2010) .
By definition of justification, medical exposure is justified when the benefit of the examination is greater than the harm. Previous investigations show that hundreds of examinations requested every year are not justified and most of them are not necessary at all; including the CT examinations ((Malone et al., 2012; Teferi et al., 201 ; Hobbs et al.,2018; Vassileva et al., 2012) . Also, some of these studies show that there is a prevalent disregard of radiation doses among physicians (Wong et al., 2012; Thomas et al., 2006; Rice et al.,2007; Heyer et al., 2010) .
With the increase of radiation exposure towards patients, referring physicians play a greater role in the proper choice of investigation as well as deciding the right choice for the patient. There are some studies that have been conducted on the knowledge about radiation protection for health professionals who work with ionizing radiation (Muhogora et al., 2010) . However, they are a few studies that have been applied to the reference of a physician's knowledge regarding the justification of the procedures (Moifo et al., 2018) .
The goal of this study is to determine whether previous CT examinations done at Makassed Hospital in Jerusalem on the patients who entered the emergency department were justified. To accomplish this, patient files of 339 urgent brain CT examinations were retrospectively reviewed. Also, a questionnaire made up of 42 physicians was created to analyse the referring physician's awareness of radiation risks and weather the requests of medical imaging procedures can be justified or not.
Materials and Methods

A Sample of Patients
Participants chosen for the study were patients who urgently referred from the ER for 6 months from the first of January to the 30th of June 2018. Approximately 339 patients with suspected or confirmed head injury with or without other major trauma were studied. The study referred to the archive of the hospital through the hospital information system (HIS) which records all observations before examinations are done. Then, the results of those examinations are written and then compared.
An institutional review approval was obtained for this prospective study. The patient consent was conceded, but the patient particularity was conserved by using the patient ID without mentioning the name of the patient. Emergency department patients were included, other departments were excluded. Also, emergency department patients who during the morning working shift 7:00 AM to 3:00PM as elective and scheduled were excluded while patients between 3:00 pm to 7:00 am were included.
The data collection method included reviewing patient notes during emergency situations. We used the HIS archive which is used in the hospital. The data for each patient included age, gender, clinical data (obtained from the ER physician), the exam indications and the findings written by radiologists. The 656 patients who have no written finding reports were also excluded.
A Sample of Doctors
Fourty two (42) referring physicians from the hospital believe that they can justify at least ten brain CT requests of image procedures per week. Thus, a plan has been developed to interview each potential respondent in the hospital. Each meeting session concluded explanations that were provided from the respondent according to the objectives of the survey, the confidentiality of the responses and the anonymous nature of the survey model. Once approved, the pre-screened questionnaire is administered to the respondent. Sampling was continuous and easy going. Radiologists and radiographers were excluded. The questionnaire consisted of a section on the person interviewed (gender, qualification, years of experience), a section on knowledge and the exercise of justification for the examination of the required medical radiation with emphasis on the effective dose of brain CT scans and radiation risks. Other questions focused on the responsibility of justification and the daily practice of referring physicians on the justification of the required examinations and the principles of radiation protection. The main part of the questionnaire is shown in Appendix 1.
Data Analysis
Two experts in radiology with the new south Wales Ministry of Health NSW Health clinical practice guideline (Haydon, 2013) wrote the following findings for each exam. It also assessed the justification of the performed examinations based on the referrals. The analyses of examinations were divided into two groups; justified and unjustified, and the percentage of the two groups were calculated. The guideline requirements for indicating the potentially significant mild head injury summarized in Table 1 .
This scale can be applied with the time it took to deal with the patients. However, because our work is on the retrospective study; this scale cannot be applied. Thus, researchers put a scale Atlas Journal of Biology -ISSN 2158-9151. Published By Atlas Publishing, LP (www.atlas-publishing.org) that consists of four groups from 1 to 4 as follows:
Group 1 (G1): Brain CT examination of cases related to head trauma and its involvement with road traffic accidents (RTA), motor vehicle accidents (MVA) and falling down cases. Group 2 (G2): Brain CT examinations of patients with vomiting, dizziness, seizure, and convulsion. Group 3 (G3): Brain CT examinations of patients suffering loss of consciousness, sleepiness, side body weakness, numbness, and severe headache. Group 4 (G4): Brain CT examinations after surgery (postoperative).
The statistical analysis was obtained using the Statistical Package for Social Sciences.
Results
As we mentioned, a total of 339 urgent brain CT request forms were received during the study period (6 months). Of these; 209 (61.65%) were males and 130 (38.35%) were females. 111 (32.74%) were children less than 16 years, 228 (67.26%) were over 16. Out of the total 339 CT request forms, 105 (30.98%) received were for patients in the ER who stayed in different departments inside the hospital, while 234 (69.02%) brain CT requests were for patients who were at the ER and who stayed under observation for 24 hours and were then discharged the next day. Out of the 22 patients who were excluded from the study; 10 of them were not given a report due to their impatience. The remaining patients did not have an examination request. Table 2 and Figure 1 provide summary of the distribution of age, gender, and patients who were included as well as those were excluded in the study.
As it is a retrospective study, it is difficult to justify every request based on clinical data only. In our study, we consider the exam retrospectively justified, if the note demonstrate that the patient belongs to one of the four group. The study estimates that 236 (69.6%) requests of the total 339 was retrospectively considered a justified request, as the request fall in one of the four group, while 103 (30.4%) was not fulfilling the justification criteria applied to our study.
Statistically: The sample size is n=339, the number of unjustified requests is 103.
Let P denotes the proportion of the unjustified requests at this Hospital in general, and P v denotes the proportion of the unjustified requests in our sample study. Then, from the test Ho: P ≤0.25 and Ha: P>0.25, we have the following: a 95% confidence interval for P is 0.255 < P < 0.353 , and a p-val-ue=0.011 as shown in Figure 3 . This strongly support the conclusion that P> 25% (Figure 3) .
Our two experts wrote the difference between the clinical data (indication) with the data findings (reports). Out of the 339 patients, 23 (6.78%) had no radiology report, while 104 (30.67%) had normal results after the brain CT examination.
This study estimates that 26 patients (7.66%) had mismatches between the indications and the correct findings after the examinations were done. Keeping in mind, a brain CT indication is not a hard requirement to achieve from ER physicians. 129 (38.05%) out of the 339 patients had matchings between the final reports with the clinical data, while 57 (16.81%) patients had mismatches between the final reports and exam indications. However, it's still important to request brain exams from ER physicians because the reports do show emergency findings inside these cases.
In essence, to check the accuracy for brain CT examination requests from ER physicians, while excluding radiologist re- ports, we distributed three categories of findings:
a. True-negative: acts for the patients, who had a request to do an examination with a result. This category consists of both patients with matchings between the examination indication and the final report and those patients who have a mismatching between the clinical data with the radiology report. According to the reports, it was estimated that 54.86% show an importance for the exam to be made.
b. True-positive: refers to the patients, an estimation of 30.67% who had a request to do the examination with normal results. c. The third category: consists of patients who had a request to do the examination, but the examination did not undergo the emergency exam, with an estimated 7.66%. From these results, we come to know that the accuracy of ER doctors only reached 54.86%. Table 4 summarized these results. There were 130 patients (38.34%) that received a brain CT without having the documented criteria required to justify the investigation based on the NSW Health program.
According to the questionnaire on doctors, the results for each question are shown in Table 5 .
According to this survey, 18 referrers (42%) of the 42 questioned referrers know the effective dose of the brain CT scan. However, just 13 referrers (3%) has known that the effective dose of one brain CT scan is equal to the effective dose of 100 chest x-ray (a routine emergency radiological exam).
In despite the that all referrers believe ionizing radiation is a risk factor for cancer development, only 24% of the them have known the exact excess risk of cancer from radiation.
Six referrers (14%) of all respondents knew the basic principles of radiation protection, and 10 referrers (23%) consider a local or an international protocol when request an urgent brain CT scans.
Discussion
In this current study, the requests for brain CT examinations over a six month period are reviewed. Approximately 30.4% was not justified, the degree of justification was only about 69.6%. Our present study shows that the un-justification of brain CT examinations was statistically significant. For the children, the un-justification exams are at a significant high, with the total number of examinations for children being less than adult patients. This result is similar to a previous study done in Germany (Merzenich et al., 2012) . The number of brain CTs carried out on adult patients increased significantly, which were ordered after 15:00 o'clock comparing with the time before. 
A 23% Table 4 . The accuracy of ED physicians for order the brain CT exams. Despite the recommendations, radiologists were not regularly consulted before brain CT's were requested for adult patients. The analysis of justification for a brain CT is also challenging because of the multiple and variable indications. According to the questionnaire on a sample of referring physicians, the level of knowledge of referring physicians regarding justification for the request of radiating examinations was not satisfactory. This is harmonious with many previous studies: o'Sullivan et al which shows that 87% of the study population and 89% of controls considered that they had never been exposed to lectures or teaching focussed on radiation protection; Soye and Paterson which demonstrated that Fiftyfour percent of students reported a moderate confidence in their knowledge about radiation and risks. Borgen et.al study shows that the mean radiation knowledge score was 30.4/71. Most respondents underestimated doses from high-dose imaging, e.g., barium enema (94.7%), chest CT (57.7%) and abdominal CT (52.7%). Limited radiation knowledge was not compensated by using guidelines. Only 20% of physicians and 72% of non-physicians used referral guidelines and the Krille.et al systemic review which showed moderate to low knowledge among physicians concerning radiation doses and the involved health risks (O'Sullivan, 2010; Soye and Paterson, 2000; Zewdneh et al., 2012; Borgen, 2010; Krille,2010) . This level of knowledge has not changed with professional experience or qualifications. The explanation might be the lack of initial training during medical studies and the absence of regular structured education in Hospitals on radiation protection.
There are several limitations to this study. The major limitation is that this study contains information from one institution only. The patient number selected for the justification evaluation is also low. The study dealt with brain CT examinations only. The data collection required to deal with the patients at the time of an examination to determine which patients fitted the criteria. Also, the study concerned the ER and not all hospital departments and it only focused on the patients after the 15:00 o'clock.
In general, it is probably impossible to reach 100% justification. However, it is still essential to develop a justification process. Regular updating of referral guidelines with the computer system used at the hospital to increase justification. Continuous and easy communication system between referrers, radiographers and radiologists will improve the unjustifiable exam by feedback for each request. PACKs and HIS system make these communications easier and smooth.
In conclusion, the study has shown that it is possible to reduce the number of brain CT examinations and to improve their justification by regular education, guideline implementation and to educate physicians about the ionizing radiations related to medical imaging, given their legal responsibility as dispensers under the ionizing radiation regulations (medical exposure) in the hospital.
